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1
IN-WHEEL MOTOR POWERTRAIN

CROSS REFERENCE TO RELATED
APPLICATION

The present application claims priority to Korean Patent

Application No. 10-2018-0170327, filed Dec. 27, 2018, the
entire contents of which 1s incorporated herein for all

purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an in-wheel motor pow-
ertrain and, more particularly, to a layout of the powertrain
that may be applicable i various vehicles.

Description of the Related Art

Implementing driving force of a vehicle by an in-wheel
motor powertrain may reduce the space occupied by the
powertrain, and 1s particularly effective for implementing
low-floor buses.

As described above, 1n order to realize the driving force
of the vehicle by the in-wheel motor powertrain, the power
generated by a motor must be reduced by a relatively large
reduction ratio to be transmitted to driving wheels. In
addition, the vehicle must have a compact configuration to
ensure mountability to the vehicle.

The foregoing 1s intended merely to aid 1n the understand-
ing of the background of the present invention, and 1s not
intended to mean that the present invention falls within the
purview of the related art that i1s already known to those
skilled 1n the art.

SUMMARY OF THE INVENTION

The purpose of the present invention 1s to provide an
in-wheel motor powertrain that has an effect of not only
ensuring desired mountability to the vehicle with a relatively
compact configuration to secure the loading space of com-
mercial vehicles and the space of low-floor buses, but also
realizing a suflicient reduction ratio and durability to secure
suilicient driving force of the vehicle.

In order to achieve the objective of the present invention,
there 1s an in-wheel motor powertrain including: an input
gear directly connected to a motor; an output gear disposed
in parallel to the mput gear; an intermediate gear integrally
and concentrically provided with a first gear meshed with
the mput gear, and a second gear meshed with the output
gear having a pitch circle diameter different from that of the
first gear; and a planetary reduction mechanism of which
one of three rotating elements 1s concentrically connected to
the output gear and another one of the three rotating ele-
ments 15 connected to a wheel hub.

The first gear constituting the intermediate gear may have
the pitch circle diameter larger than that of the imnput gear,
and the second gear may have the pitch circle diameter
smaller than those of the first gear and the output gear.

The mtermediate gear may be provided as one or more
intermediate gears that are installed in parallel between the
input gear and the output gear.

The planetary reduction mechanism may be a single-
pinion simple planetary gear device including a sun gear
connected concentrically to the output gear, a ring gear fixed
to a housing, and a carrier connected to the wheel hub.
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The housing may be provided to surround and support the
input gear, the mtermediate gear, and the output gear; the
wheel hub may be rotatably supported on an outer circum-
terential surface of the housing; and the planetary reduction
mechanism may be provided, while surrounding an end of
the housing, on an opposite side of the output gear from the
wheel hub.

A pump gear meshes with the input gear and a lubrication
pump may be connected to the pump gear.

The output gear may be disposed on a {first side of the
input gear, the pump gear may be disposed on a second side
of the mput gear, and the intermediate gear may be disposed
on a side of the mput gear or the pump gear from the output
gear.

The motor may be mounted on the housing at a position
on an opposite side of the planetary reduction mechanism
from the housing so that the motor may be separated from
the housing and the input gear.

A rotation shaft of the motor passes through the housing
and may be coupled to the imput gear inside the housing by
a spline.

The present invention has an effect of not only securing
the mountability to the vehicle in a relatively compact
configuration to obtain the loading space of commercial
vehicles and the space of the low-floor buses, but also

realizing a suflicient reduction ratio and durability, so as to
secure sullicient driving force of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an in-wheel motor powertrain
according to the present ivention;

FIG. 2 1s a perspective view of main components com-
posing the powertrain of FIG. 1;

FIG. 3 1s a view 1illustrating an arrangement of gears
observed along the line III-III of FIG. 1; and

FIG. 4 1s a detailed view of a portion of a planetary
reduction mechanism of FIG. 1.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Referring to FIGS. 1 to 4, an exemplary embodiment of
the i1n-wheel motor powertrain of the present mvention
includes an mput gear IN directly connected to a motor M1,
an output gear OUT disposed in parallel with the iput gear
IN, an intermediate gear G integrally provided with a
concentric axis with both a first gear G1 meshed with the
input gear IN and a second gear G2 meshed with the output
gear OUT having a pitch circle diameter different from that
of the first gear G1, and a planetary reduction mechanism
PG 1n which one of three rotating elements 1s connected
concentrically to the output gear OUT and another one of the
three rotating element 1s connected to a wheel hub WHB.

The first gear G1 constituting the intermediate gear G has
a pitch circle diameter larger than that of an mput gear IN,
and the second gear G2 has a smaller pitch circle diameter
than those of the first gear G1 and the output gear OUT.

In other words, the present invention 1s composed of a
triple reduction system in which after the first reduction 1s
performed by the first gear G1 of the mput gear IN and the
intermediate gear G, secondary reduction 1s performed by
the output gear OUT and the second gear G2 of the inter-
mediate gear G, and the third reduction 1s performed again
by the planetary reduction mechanism PG. Accordingly, the
present mvention realizes a high reduction ratio of 20:1 or
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more required, and thus a multi-stage reduction by multiple
gears allows the gears to have suflicient durability to bear the
load.

In particular, the intermediate gear G has a configuration
in which two intermediate gears are provided in parallel
between the input gear IN and the output gear OUT.

Therefore, the power transmitted from the motor M1 to
the input gear IN has a power transmission flow in which
alter being distributed to the two intermediate gears G and
reduced 1n speed, the power 1s joined again to the output gear
OUT to be transmitted to the planetary reduction mechanism
PG.

The planetary reduction mechanism PG 1s a single-pinion
simple planetary gear device including a sun gear S con-
centrically connected to the output gear OUT, a ring gear R
fixed to a housing HG, and a carrier C connected to the
wheel hub WHB.

As described above, since the planetary reduction mecha-
nism PG 1s configured by the planetary gear device having
a relatively simple structure, the durability of planetary
pinion composing the planetary gear device and the like may
be sufliciently secured.

Since the ring gear R 15 fixed, the power mput from the
output gear OU'T to the sun gear S of the planetary reduction
mechanism PG 1s reduced in speed again through the carrier
C, and then transmitted to the wheel hub WHB.

The housing HG 1s provided to surround and support the
input gear IN, the intermediate gear G, and the output gear
OUT, and the wheel hub WHB 1s rotatably supported on an
outer circumierential surface of the housing HG. The plan-
ctary reduction mechanism PG has a compact configuration
provided to surround the end of the housing HG on the
opposite side ol the output gear OUT from the wheel hub
WHB.

The wheel hub WHB has a hub body HB rotatably
supported on the outer circumierential surface of the hous-
ing HG, and a hub cover HC serving as the cover for the
planetary gear device while serving as the carrier C of the
planetary gear device. As shown, the hub body HB and the
hub cover HC i1s configured to be integrated by the wheel
bolt WBT with the wheel W.

Meanwhile, an opposite side of the housing HG 1s con-
figured to be coupled to the motor M1 as shown, a rotating
shaft of the motor M1 1s configured to be coupled to the
inside of the input gear IN by a spline so that the housing HG
and the mput gear IN may be easily assembled.

The sun gear S of the planetary reduction mechanism PG
1s also configured to be splined to an extension shaft
extending from the output gear OUT, thereby providing
casy-capability of combining the output gear OUT and the
planetary reduction mechanism PG.

In addition, a pump gear PMG 1s meshed with the input
gear IN, and a lubrication pump LP 1s connected to the pump
gear PMG to pump o1l required for lubrication of the gears.

Meanwhile, the output gear 1s disposed on a first side of
the mput gear, and the pump gear 1s disposed on a second
side of the mput gear. Also, a configuration may be provided
such that the intermediate gear G 1s disposed on aside of the
input gear IN or the pump gear PMG from the output gear
OUT.

In the present exemplary embodiment, as shown in FIG.
3, the output gear OUT 1s disposed on the upper side of the
input gear IN, the pump gear PMG 1s disposed on the lower
side of the input gear IN, and the intermediate gears G are
disposed on the left and right sides of the mnput gear IN.

This configuration provides layouts in which a shaft of the
motor M1 coupled to the input gear IN and a shaft of the
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wheel hub WHB concentric with the output gear OUT and
coupled to the wheel are oflset from each other up and down.
Accordingly, the motor M1 may be mounted at the lower
side of the wheel W, thereby allowing the powertrain of the
present invention to be mounted on an ultra-low floor bus or

the like.

Meanwhile, the motor M1 1s mounted on the housing HG
at a position on an opposite side of the planetary reduction
mechanism PG so that the motor M1 may be separated from
the housing HG and the input gear IN.

In other words, a rotation shait of the motor M1 passes
through the housing HG and 1s coupled to the input gear IN
inside the housing HG by the spline, and the case of the
motor M1 1s coupled to the housing HG by a fastening
clement such as a bolt or the like. Therefore, when loosening
the fastening element, the motor M1 may be easily separated
from the housing HG to replace the motor M1 with a new
one.

As described above, when the motor M1 1s configured to
be easily separated from and coupled to the housing HG
equipped with the mput gear IN, the output gear OUT, and
the like, 1t 1s easy for the powertrain to be configured with
a variety of motor types, thereby having a significantly
strong point such as 1n repair or maintenance of the motor.

Although a preferred embodiment of the present invention
has been described for illustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed 1n the accom-
panying claims.

What 1s claimed 1s:

1. An in-wheel motor powertrain comprising:

an input gear directly connected to a motor;

an output gear disposed 1n parallel to the input gear;

at least one intermediate gear including a first gear and a

second gear integrally and concentrically coupled to the
first gear, the first gear being meshed with the mput
gear, and the second gear being meshed with the output
gear having a pitch circle diameter different from that
of the first gear; and

a planetary reduction mechanism including three rotating,

elements,

wherein one of the three rotating elements 1s concentri-

cally connected to the output gear and another of the
three rotating elements 1s connected to a wheel hub.

2. The in-wheel motor powertrain of claim 1, wherein the
first gear has the pitch circle diameter larger than that of the
input gear, and the second gear has the pitch circle diameter
smaller than those of the first gear and the output gear.

3. The in-wheel motor powertrain of claim 2, wherein the
at least one intermediate gear includes two or more inter-
mediate gears that are installed 1n parallel between the input
gear and the output gear.

4. The imn-wheel motor powertrain of claim 1, wherein the
planetary reduction mechanism 1s a single-pinion simple
planetary gear device comprising a sun gear connected
concentrically to the output gear, a ring gear fixed to a
housing, and a carrier connected to the wheel hub.

5. The in-wheel motor powertrain of claim 4, wherein the
housing 1s disposed to surround and support the mput gear,
the at least one intermediate gear, and the output gear, the
wheel hub 1s rotatably supported on an outer circumierential
surface of the housing, and the planetary reduction mecha-
nism 1s positioned to surround an end of the housing on an
opposite side of the output gear from the wheel hub.
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6. The 1n-wheel motor powertrain of claim 1, wherein a
pump gear meshes with the mput gear and a lubrication
pump 1s connected to the pump gear.

7. The in-wheel motor powertrain of claim 6, wherein the
output gear 1s disposed on a first side of the mput gear, the 5
pump gear 1s disposed on a second side of the input gear, and
the least one intermediate gear 1s disposed on a side of the
input gear from the output gear.

8. The in-wheel motor powertrain of claim 5, wherein the
motor 1s coupled to the housing at a position on an opposite 10
side of the planetary reduction mechanism from the housing
so that the motor 1s configured to be separated from the
housing and the mput gear.

9. The in-wheel motor powertrain of claim 7, wherein a
rotation shaft of the motor passes through the housing and 1s 15
coupled to the mnput gear inside the housing by a spline.
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